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ABSTRACT 



We argue that moduli in the adjoint representation of the standard-model 
gauge group are a natural feature of superstring models, and that they can ac- 
count for the apparent discrepancy between the string and unification scales. 
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An important hint in favour of supersymmetric GUTs is the unifica- 
tion of gauge couphngs extrapolated from their low-energy experimental 
values under the assumptions of minimal particle content and superpart- 
ner thresholds at ~ ITeV f^. The scale at which the couplings meet 
(Mq^"^'^'- ~ 2 X lO^^GeV) lies, however, one order of magnitude below 
the heterotic string scale {Mgtr ~ 0.5 gstr x lO^^GeV) 0, suggesting that 
there should exist some string states (beyond those of the MSSM) which 
are significantly lighter than Mstr Q- It has been proposed that these light 
states can be exotic vector-like quarks and leptons with non-conventionnal 
assignment of hypercharge 0, or else the extra gauge bosons and Higgses 
of a unifying symmetry broken somewhere below Mgtr [§, 01- In this note 
we would like to point out a natural alternative: a coIot-SU{3) octet and a 
color-neutral triplet of weak-SU{2), both having zero hypercharge. As we will 
argue (a) these appear in many string models as continuous moduli which is 
why they can remain light naturally, and (b) they push the unification scale 
up to Mstr when their masses lie in the best-motivated intermediate range 
^piank''^lu% ~ W^^GeV. Furthermore contrary to exotic stable remnants 
they present no danger for cosmology. 

The one-loop running coupling constants in the presence of an adjoint 
scalar multiplet read 

-[UlN,)logi^)-{2N, + l)logiJ^) 



ai{n) ai{mz) 2 3 mz 5 mz' 

-Ng + -)log{ + 



q;2(/w) C(2{'mz) 3 3 6 niz 



(6 - 2Ng - l)log{^) - 2log{- ^ 



niz rn^s) 

*Note however that their mass can be pushed up if they are very numerous They 
may even be unnecessary if one aUows a non-standard hypercharge normaUzation and an 
as at the higher end of its aUowed range [H . 



1 



and 



asin) a^imz) 3 niz 

+ (9 - 2N,)log{J^) - 3log{^) 

mz m(8) 

where m(8) and m(3) are the masses of the color octet and weak triplet, re- 
spectively. Using as input the experimental values of the couplings at niz 
(with as = 0.116±0.005) and assuming as usual msusY — 1 TeV, one can 
calculate from the above equations the required masses of these extra parti- 
cles such that couplings unify at the string scale. Taking Mstr — 6 x lO^^GeV, 
corresponding to a = 2 Kac-Moody level, []we find: m(3) ~ 5.3 x 
and m(8) ~ 2.8 x lO^^GeV . Surprisingly enough these masses are not only 
close to each other, but also of the order of magnitude one would expect 
if supersymmetry breaking were induced by condensing gauginos [0. Our 
underlying assumptions are of course (i) standard hypercharge normalization 
as in the usual SU(5) embedding, and (ii) zero vevs for the adjoint moduli, 
consistent with an unbroken standard model gauge group. 

Such adjoint moduli are an ingredient of all the recently constructed mod- 



els based on a group structure G x G [|TT| [T^, |T^. They are the relics af- 
ter truncation of extended supersymmetric vector multiplets, which is why 
their potential stays flat |T^. To illustrate this point explicitly consider 
a = 2 supersymmetric pure gauge theory with gauge group S0{2n). 
We may define in this theory two parity operations, {—)^ and V, where 
A counts the number of vector indices under the first factor in the embed- 
ding S0{2n) D SO{n)A x SO {11)3, while V breaks down a = 2 vector 
multiplet into an even vector and an odd scalar superfield of = 1. Impos- 
ing the combined parity projection (— )^'P = +1 leads to a truncated = 1 
supersymmetric theory with gauge group SO{n)A x SO{n)B and with extra 
chiral multiplets in the representation {n,n). A heritage of the extended 
supersymmetry is that these latter have a flat potential along directions ly- 
ing inside the Cartan subalgebra of the original S0{2n). By turning on a 

^Adjoint scalars require that k be at least equal to two. Higher values push the string 
scale up and would demand somewhat lighter intermediate masses. 
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non- vanishing vev for the trace of the (n, n) matrix, we can break the gauge 
symmetry to the diagonal subgroup SO{n)diag- As a minute's thought will 
convince the reader, the resulting theory still has SO{n)diag-Si.d]ova.t moduli. 
Note that the level of the corresponding algebra is the sum of the levels of 
the two group factors, and hence it is at least equal to two. Note also that 
in string theory a Z2 truncation gives rise to new (twisted) states. These 
however only appear in pairs, and thus do not spoil the flat directions as 
long as their expectation values vanish. 

The original motivation P, 0] for constructing GxG string models was to 
allow minimal unification by enlarging the symmetry at a scale significantly 
lower than Mgtr- As we have just argued the existence of adjoint moduli 
turns this motivation around on its head: it invalidates the desert hypothesis 
and, in the absence of other light states, can render premature unification 
unnecessary. Our argument also carries over to those string GUT models. 



constructed directly at > 1 |T^, 0, which are just stringy realizations of 
the last GxG—* Hdiag breaking step . More generally, it is hard to imagine 
how a unifying gauge symmetry can break at a scale an order of magnitude 
below Mgtr if not along some fiat directions which would leave behind light 
extra matter populating the desert. Thus it might be better motivated (and 
safer with respect to proton decay) to search for models whose observable 
light states include only a A; > 1 MSSM and adjoint moduli. 
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